Introduction {#S0001}
============

Hepatocellular carcinoma (HCC)[@CIT0001] is the second leading cause of global cancer-related deaths, especially in patients with liver cirrhosis, and it is the sixth most common malignancy worldwide. Staging of HCC plays a vital role in treatment strategy assignment according to international guidelines.

Intermediate stage or Barcelona Clinic Liver Cancer (BCLC) stage B HCC includes multiple tumorous lesions confined to the liver without vascular invasion in a patient with preserved liver functions and good performance status. The most common treatment modality for patients in this stage is transarterial chemo-embolization (TACE). Due to the heterogeneity in the population with this stage, the benefits and the outcome of TACE are considered variable[@CIT0002] Patients with good reservoir of liver functions and small size tumor have better prognosis than those with poor liver functions and larger tumor size. The 2-year survival rate may reach 63% in patients with good matching criteria[@CIT0003]

Intermediate stage HCC and TACE {#S0002}
===============================

It is well known that intermediate stage HCC encompasses the widest class of patients with this disease. The main characteristic of this special sub-group of patients is that it is extensively heterogenous. This substantial heterogeneity is due to the wide range of liver functions of such patients and variable tumor numbers and sizes.

Although the most commonly used therapeutic approach for such patients is TACE,[@CIT0002] there is a wide gap between guidelines and applied clinical practice, many therapeutic approaches, such as downstaging such patients with percutaneous ablation or radio-embolization followed by radical resection, have been reported.[@CIT0004]--[@CIT0006]

In general, guidelines have concluded that the limitations of TACE are due to the extensive heterogeneity within the cohorts. The technique has also been found to have varying results as wide differences were noticed regarding range of selectivity of embolization, emulsifying agents, and degree of treatment delivery. These result in the wide range of responses and benefits obtained from TACE. Also, the differences in liver function capacity and tumor burden between subgroups with this intermediate stage resulted in the fact that not all patients were exposed to the same risk. Consequently, the risk benefit ratio in this case is not accurate or easily evidenced from clinical studies[@CIT0007]

Staging systems resemble the corner stone in the process of patient selection and treatment allocation which determine the prognosis. The more efficient the staging or scoring system, the better the outcome. Staging systems such as Okuda, Child-Pugh, TNM, CLIP, and BCLC have been extensively validated in various cohorts. However, they did not properly fit a heterogenous cohort such as intermediate stage HCC patients. It is rare to find a staging system that correlates with prognosis and treatment allocation. Such systems provide more accurate prognosis and survival prediction[@CIT0008]

Here comes the debate, which patient is the best candidate for TACE? This depends on the residual liver functions and proper assessment of the liver capacity. There have been many prognostic scores that tried to offer a proper TACE-specific prognosis, however, they still lacked validity and TACE specificity[@CIT0007]

Real world clinical data show huge support for TACE as a therapeutic modality for intermediate stage HCC applied in 50%--60% of those class of patients.[@CIT0002],[@CIT0009] It needs to be taken into account that most of the contraindications for TACE lie behind the poor liver functions of the patients and background liver disease progression,[@CIT0010] as the tumor size limit is up to 10 cm, which is not frequently a contraindication. A sub-classification of intermediate stage HCC has been proposed by Bolondi et al[@CIT0011] They sub-classified BCLC stage B into four sub-groups, as shown in [Table 1](#T0001){ref-type="table"}. Later in 2016, Kudo et al proposed another simplified modification named "Kinki criteria", it sub-classifies BCLC B stage into only three sub-classes according to Child-Pugh score plus Milan and upto-7 criteria, as shown in [Table 2](#T0002){ref-type="table"}.Table 1Bolondi's subclassification for Barcelona Clinic Liver Cancer (BCLC) BBarcelona Clinic Liver Cancer (BCLC) class B subclassificationB1B2B3B4Child-Pugh score5--75--678--9Beyond Milan within up-to-7 criteriaInOutOutOutEastern Cooperative Oncology Group (ECOG) tumor related performance status0000--1Portal vein thrombosisNoNoNoNoFirst treatment optionTransarterial chemo-embolization (TACE)TACE or Selective internal radiotherapy (SIRT)Best supportive careAlternative treatmentLiver transplantation (LTx)or TACE + ablationSorafenibTrials TACE + SorafenibLTx Table 2Kinki criteria**Barcelona Clinic Liver Cancer (BCLC) class B subclassificationB1B2B3**Child-Pugh score5--75--78, 9Beyond Milan within up to-7 criteriaInOutany**Treatment allocation**Concept of treatmentCurativePalliative3a: if within up-to-7 criteria leading to curative intent3b: out of up-to-7 criteria leading to palliative or best supportive care

There are special considerations in various international guidelines regarding treatment allocation in intermediate stage HCC. There is an epidemiological difference in HCC in eastern and western cohorts, and various guidelines have been proposed. HCC originates in middle eastern and Asian countries mostly with a background of viral hepatitis, predominantly HBV or HCV infections. Whereas in western countries, it is mostly due to alcoholic liver disease. Also, there is no well established national HCC screening program in many of the middle eastern and Asian countries, except for highly specialized centers. Here comes the impact of etiology on survival and prognosis, as reported by Piscaglia and Ogasawara[@CIT0007]

The primary background of HCC is cirrhosis, however, the etiology of cirrhosis has been found to impact the prognosis of patients with HCC. This was not considered in all guidelines and prognostic scores. HBV as an etiology accounts for 54.4% of all diagnosed HCC cases globally while HCV accounts for 31.1%, however, around 55% of HCV infected patients were reported as alcoholics.[@CIT0012],[@CIT0013] The impact of viral hepatitis on survival was reported by Zhou et al in a meta-analysis that encompassed 4,744 patients where 2,008 were HBV positive and 2,222 were HCV positive, while 514 were HBV and HCV negative. They reported a poor prognosis in patients with viral hepatitis in comparison to patients with negative serology. They also recommended adjuvant antiviral therapy post-HCC treatment to prevent tumor recurrence[@CIT0014]

Waked et al in 2017, reported vascular invasion as another important factor that should be considered in prognostic scoring systems. The authors also validated the parameters of ALBI grade as well as hepatoma arterial-embolization prognostic (HAP) score in 3,030 patients undergoing TACE[@CIT0015] Noteworthy, predictors of poor prognosis in literature included liver functions, vascular invasion, AFP, and tumor size. However, the current available scoring systems lack vascular invasion as a parameter.

Response evaluation after TACE {#S0003}
==============================

Overall survival is the primary target of any cancer research. Nevertheless, evaluating the efficacy of response to treatment is usually assessed by imaging which plays a vital role in this process. It has been challenging to have a well established morphologic response criterion for the target lesion, starting from the WHO criteria in 1997 then the Response Evaluation Criteria in Solid Tumors (RECIST) criteria in 2000. Both have standardized methods to assess radiological tumor response to treatment using a quantitative and defined algorithm. They offered a simple way to assess the anatomic tumor size and changes in the target lesion either through bilinear product approach[@CIT0016] or single linear summation (RECIST).

Although both criteria were originally proposed for the assessment of cytotoxic agents, they do not offer ways to evaluate anti-tumor activity, except through the decrease in primary tumor size. However, RECIST criteria addressed that this changes in tumor size only could be misleading when it is applied to tumorous targeted therapeutics or any other interventional therapy. In patients with HCC, it has been frequently reported that there is poor correlation between the clinical benefit and real gain in patient condition and the conventional way of tumor response assessment after locoregional treatments.

Twenty years ago, a commission for HCC considering the decline in residual activity of the tumor using contrast enhanced computed tomography (CT) scanning or magnetic resonance imaging[@CIT0017] was proposed by European Association for the Study of the Liver (EASL) to find a proper way to assess tumor response. This proposal has been subsequently endorsed by the American Association for the Study of Liver Diseases (AASLD). Even the AASLD practice guidelines stated that the decrease in total viable tumorous tissue should be taken into consideration, not only the overall size of the tumor, which further offered a proper assessment of the tumor response to treatment.

In 2008, modification of the RECIST criteria was proposed which focuses on the residual viable tumor tissue to assess the response to locoregional and anti-angiogenic therapies. There have been growing evidence and reports about the prognostic power of the modified RECIST (mRECIST) for patients with HCC in addition to predicting overall survival. A significant degree of concordance has been reported between mRECIST and EASL criteria that has been used for a longer time. Response to TACE and sorafenib has been extensively studied according to RECIST and has been shown to be a proper predictive tool. [Table 3](#T0003){ref-type="table"} shows, in detail, how to evaluate response according to mRECIST. According to the previously discussed criteria, assessment of response to treatment is the main pillar to declare either success or failure of the treatment. However, identifying the optimal timing to stop TACE cycles is challenging. Of note, declaring TACE failure has been agreed to be after failure of two successive cycles.[@CIT0002],[@CIT0007],[@CIT0018]Table 3Illustrating response evaluation according to modified Response Evaluation Criteria in Solid Tumors (mRECIST)**TerminologyResponseDescription**Target lesionsComplete response (CR)Disappearance of any intra-tumoral arterial enhancement in all target lesionsPartial response (PR)At least a 30% decrease in the sum of the diameters of viable (enhancement in the arterial phase) target lesions, taking as reference the baseline sum of the diameters of target lesionsStable disease[@CIT0076]Any cases that do not qualify for either PR or PDProgressive disease (PD)An increase of at least 20% in the sum of the diameters of viable (enhancement in the arterial phase) target lesions recorded since treatment startedNon-target lesionsComplete response (CR)Disappearance of any intra-tumoral arterial enhancement in all non-target lesionsStable disease[@CIT0076] or incomplete response (IR)Persistence of intra-tumoral arterial enhancement in one or more non-target lesionsProgressive disease (PD)Appearance of one or more new lesions and/or unequivocal progression of existing non-target lesionsAdditional recommendationsNew lesionA new lesion can be classified as hepatocellular carcinoma (HCC) if its longest diameter is at least 1 cm and the enhancement pattern is typical for HCC. A lesion with atypical radiological pattern can be diagnosed as HCC by evidence of at least 1 cm interval growthPleural effusion or ascitesCytopathological confirmation of the neoplastic nature of any effusion that appears or worsens during treatment is required to declare PDLymph nodes in the porta hepatisLymph nodes detected at the porta hepatis can be considered malignant if the lymph node short axis is at least 2 cmPortal vein thrombosisMalignant portal vein thrombosis should be considered as a non-measurable lesion and thus included in the non-target lesion group

Recently, Shim et al conducted a retrospective analysis to determine the optimum radiologic response criteria to precisely predict the outcome of 332 patients with intermediate stage HCC after TACE. Of note, they selected patients with intermediate stage HCC which were classified as BCLC stage B according to BCLC system as a control for tumor burden and Child-Pugh grade A to control for liver function. All the included patients were treated similarly with conventional TACE and followed-up with CT scans which were evaluated using WHO, RECIST, EASL, and mRECIST criteria. They reported that patients with a complete response by enhancement-based criteria (EASL or mRECIST) had longer survival than those who had any other type of response. Moreover, a follow-up assessment according to EASL (*p*\<0.001) and mRECIST (*p*\<0.001) criteria was found to be an independent predictor of survival. Of note, these findings could not be achieved for WHO and RECIST criteria which are size-based[@CIT0019]

In addition, Kim et al performed a retrospective analysis which included 314 patients with intermediate stage HCC (BCLC B and Child-Pugh grade A) to assess predictors of treatment outcome. Noteworthy, they standardized the treatment protocol and follow-up regimen using conventional TACE and contrast enhanced imaging. They evaluated the responses only by mRECIST criteria. In multivariate analysis, they reported that both the initial response according to mRECIST criteria (*p*\<0.001; defined as the response at the first follow-up scan) and the best response by mRECIST (*p*\<0.001; defined as response after on-demand retreatment when necessary) were independent predictors of overall survival[@CIT0020]

The current situation regarding TACE-specific scores {#S0004}
====================================================

Actual survival fit the predicted survival in many studies better when patients received the recommended treatment according to BCLC 0/A compared to other stages such as BCLC B, C or D. This was found to be better after subclassification of BCLC B according to Bolondi or Kinki criteria,[@CIT0011] Kudo, 2016 \#321,[@CIT0022] However, this was still not the optimum prognosis achieved for this intermediate stage. According to the current prognostic scores and the evolution of many TACE-specific scores which are tailored to intermediate stage HCC, there is strong growing evidence that the optimum score should include tumor number, size, vascular invasion, etiology, and TACE response in addition to liver function parameters such as serum albumin and bilirubin. Some of these were already proposed in HAP score and its modification.[@CIT0015],[@CIT0023]--[@CIT0026]

In general, many recently developed scoring systems such as ALBI, PALBI, ALBI-T, and modified ALBI-T have shown better performance compared to conventional Child-Pugh score and BCLC staging system. Also, indocyanine green retention test has been reported by several studies as a beneficial tool to predict liver failure. However, the performance of most of these scores was not optimum in patients with intermediate stage HCC, especially those undergoing TACE in comparison to other TACE-specific scores such as HAP score and its modified versions.[@CIT0015],[@CIT0026]

Recently, Campani et al conducted a comparative study that included 1,058 patients with intermediate stage HCC where they compared TACE-specific scores such as HAP, mHAP II, and mHAP III to other general grading systems such as ALBI and PALBI grades. They concluded that mHAP III was superior to all of these scores including ALBI and PALBI grades. Noteworthy, even HAP and mHAP II were superior to ALBI and PALBI grades. So, the future direction is toward TACE-specific scores which would offer more precise patient selection and improve response to therapy[@CIT0026]

Among the cohort classified as "ideal candidates" for TACE, an expected median survival in the order of 30 months was quoted, but even within this patient group there was a wide variation in survival.[@CIT0027]--[@CIT0029] However, in practice, many patients receive TACE outside the guideline criteria. For example, because TACE is apparently "safe" even in the presence of vascular invasion, the latter is not always considered a contraindication[@CIT0030] In this expanded population, variation in survival may be even greater. This wide variability in survival has led to attempts to define the prognostic features and combine these into scores (or "models") that can be applied to assess prognosis at a sub-group or individual patient level. One frequently quoted aim is to identify the sub-group that responds poorly to TACE, which may be more appropriately treated with less aggressive therapies.[@CIT0031],[@CIT0032]

For years, many scores have been proposed and despite the scientific criticism of the Child-Pugh score, guidelines still adopt it in the assessment of liver functions. It is clear that a variable percentage of patients with HCC do not have cirrhosis, but they have a range of liver pathology varying from mild pathological changes to advanced fibrosis, and the resultant liver dysfunction relies on the state of the non-tumorous liver and extent of the tumor. Child-Pugh score\'s weak points appear in the subjective assessment of encephalopathy and amount of ascites together with the inclusion of inter-related variables such as ascites and serum albumin level. In addition, the individual parameters are scored based on arbitrarily defined and predetermined cutoff points.[@CIT0033]--[@CIT0036]

Of note, one of the reasons for the concrete adherence to Child-Pugh score is that it is easily calculated and uses daily routine parameters. Nowadays, smart phones are abundant and hospital information systems can include any complex calculator. This was shown in MELD score which is widely used regardless of having a complex equation. Despite the lack of validation of any of these scores to fit clinical decision-making, there was an agreement on the need for a substitute for the Child-Pugh score to assess liver functions in patients with HCC, in addition to a reliable specific score to predict response to treatment.

Scores for initial TACE {#S0005}
=======================

One of the first TACE-specific scores was the HAP score, which is based on baseline pre-TACE serum bilirubin \>17 mmol/L, albumin \<36 g/dL which are, respectively, the upper and lower limits of the normal range; AFP \>400 ng/mL and tumor size \>7 cm in order to guide initial TACE treatment. Kadalayil et al proposed this score after reviewing 114 sequential patients with HCC who received TACE/TAE and the minimum follow-up was 6 months. The patients received one point for each, where HAP A stage has 0 points and HAP D stage has \>2 points ([Table 4](#T0004){ref-type="table"}). They concluded that HAP stages C and D had bad prognosis and benefited poorly from TACE[@CIT0037]Table 4Hepatoma arterial-embolization prognostic (HAP) scoreParameterScoringStagesPointsAlbumin \<36 g/dL1 pointHAP A0 pointAlpha-fetoprotein (AFP) \>400 ng/mL1 pointHAP B1 pointBilirubin \>17 μmol/L1 pointHAP C2 pointsMax TU diameter \>7 cm1 pointHAP D\>2 points

Of note, Park et al proposed a modification of the previously published HAP score ([Table 5](#T0005){ref-type="table"}) by removing the bilirubin parameter and incorporating portal vein involvement and mRECIST criteria response. Further validation of the score showed no superiority compared to HAP score[@CIT0038] Nevertheless, Cappelli et al also modified the HAP score by incorporating tumor number, where single tumor receives 0 points while two or more lesions receive 1 point. The proposed model showed a Harrell's c‐statistic of 0.649 (95% CI: 0.610--0.688), which was more significant than that of the original HAP score (0.589; 95% CI: 0.552--0.626; *P*=0.001), in addition to better performance in comparison to the modified HAP‐II score (0.611; 95% CI: 0.572--0.650; *P*=0.005)[@CIT0039]Table 5Modified hepatoma arterial-embolization prognostic (mHAP) II scoreRisk factorsScoringTumor size (\>7 cm)1Tumor number (≥2)1**Alpha**-**fetoprotein** (AFP\>400 ng/mL)1Total bilirubin (\>0.9 mg/dL)1Serum albumin (\<3.6 g/dL)1**mHAP-II classification**mHAP-II A0mHAP-II B1mHAP-II C2mHAP-II D3--5

In addition, Ogasawara et al proposed CHIP score ([Table 6](#T0006){ref-type="table"}) which consists of CP score of the patients together with number of tumors and presence of HCV as an etiology. CHIP score also included presence of hepatitis C viremia as a factor which might be good for patients receiving direct-acting antivirals. However, we come again to the weak points due to the presence of CP score and the predetermined cut-off points.Table 6Chiba HCC in intermediate-stage prognostic (CHIP) scorePrognostic factorPoints**Child-Pugh score** 50 61 72 8--93**Number of liver tumors** 10 2--72 83**HCV-RNA positive** Absent0 Present1[^1]

In late 2017, Op den Winkel et al proposed Munich TACE ([Table 7](#T0007){ref-type="table"}) score which included AFP, serum bilirubin, prothrombin concentration, creatinine, CRP, and tumor extension. The score gives 0--6 points for each element, resulting in three stages. In early 2018, they also did further validation of the proposed score and it showed AUROC of 0.71 which was superior to TACE-tailored CLIP, HAP, JIS, GETCH, BCLC, CP, Okuda, and STATE scores.[@CIT0040],[@CIT0041]Table 7Munich-transarterial chemo-embolization (TACE) scoreParametersPoints02346****Alpha**-**fetoprotein** (AFP) (ng/mL)**\<35--35--999--≥1,000**Bilirubin (mg/dL)**\<1.1--1.1--3.0--≥3.1****C-reactive protein** (**CRP**) (mg/dL)**\<0.5--0.5--1.9--≥2**Tumor extension\***Category A----Category B--**Creatinine (mg/dL)**\<1.3≥1.3------**Quick[@CIT0077]**≥75\<75------[^2]

Scores for retreatment with TACE {#S0006}
================================

The first score to highlight the importance of retreatment strategies with TACE was the Assessment for Retreatment with TACE (ART) score, [Table 8](#T0008){ref-type="table"}. It was proposed by Sieghart et al in a cohort of 107 patients with BCLC stage A and B who had received at least two TACE cycles within 90 days. The score included the increase in pre-TACE 2 Child-Pugh score +1 or ≥2 points (+1.5 or +3 points, respectively), AST increase \>25% (+4 points) and the absence of radiological tumor response (+1 point). They defined two groups (0--1.5 and \>2.5 points) with survival significantly higher in the first group (23.5 vs 6.6 months; *P*\<0.001)[@CIT0032]Table 8Assessment for Retreatment with TACE (ART) scoreParameterScoringStagesPointsAbsence of radiologic response1 pointRisk group 10--1.5Aspartate aminotransferase (AST) increase \>25%4 pointsRisk group 2≥2.5Child-Pugh increase: 1 point\
≥2 points1.5 points\
3 points

One of the strong points of this score is the consideration of the dynamic change in liver function status and the radiologic response of the tumor. Unfortunately, the liver function assessment was still performed with Child-Pugh score, which raises a lot of concerns, as discussed earlier. One of the pitfalls of the ART score is the presence of significant difference for different TACE techniques (*p*=0.002).[@CIT0042],[@CIT0043]

Indeed, it became clear that intermediate stage HCC patients receiving TACE need a proper prognostic score that offers valid clinical prediction and supports proper decision-making. Hucke et al, proposed the STATE score and START strategy where they made use of the predictive power of ART score for treatment response and supported it with more parameters to identify patients unfit for TACE as a treatment modality from the start. The STATE score included serum albumin level (g/L) as a set of points, which is further subtracted by 12 points each, if the tumor volume is beyond the up-to-7 criteria and/or CRP levels are ≥1 mg/d[@CIT0031]

The STATE score identified two groups (\<18, ≥18 points) with prognosis of 5.3 vs 19.5 months respectively, *P*\<0.001. Maehringer-Kunz et al validated the STATE score and START strategy and they concluded that the STATE score was an unreliable tool to determine the suitability for first TACE, but the START strategy offered a slight increase in the prognostic ability of ART score. However, other studies concluded the limited ability of the single use of either of them[@CIT0044]

In 2015, Adhoute et al proposed ABCR score ([Table 9](#T0009){ref-type="table"}) based on baseline BCLC stage (A =0, B =+2 and C =+3 points) and AFP level (\>200 ng/mL =+1 point) in addition to pre-second TACE Child-Pugh score (≥2-point increase =+2 points) and radiologic tumor response (if yes =−3 points). They concluded that patients with ABCR score ≥4 prior to the second TACE will not benefit from the intervention[@CIT0045] Unfortunately, Kloeckner et al reported the poor prognostic ability of ART and ABCR scores in a validation study which included 176 patients, they also reported that these scores were not sufficient to rely on for valid clinical decision-making regarding stopping TACE sessions[@CIT0043]Table 9ABCR score**Prognostic factorPointsBaseline**Barcelona Clinic Liver Cancer stage A0 B2 C3**Alpha**-**fetoprotein** **(AFP)**1**After first transarterial chemo-embolization**Child-Pugh score ≥2 points2Radiologic tumor response[@CIT0078]−3**Stages**Stage 1: 0 points\
Stage 2: 1--3 points\
Stage 3: ≥4 points

Consequently, Pinato et al validated and compared both ART and HAP scores in a cohort of 660 patients. They showed that HAP score had better prognostic power while ART score had better prediction of TACE failure. This conclusion is consistent with the factors on which both scores are based, as ART score considers the radiologic response which is an important indicator of treatment failure with TACE.[@CIT0046],[@CIT0047]

Retreatment of refractory cases with TACE {#S0007}
=========================================

The key point in retreatment of patients with TACE after declaring failure is considering the potential risk and benefits as survival outcomes. This should be guided using prognostic scores, especially those considered for retreatment such as ART or ABCR score. Patients with \>2.5 points in ART score were found to have shorter survival and more adverse events after second TACE. Likewise, patients with ABCR score of ≥4 were found to be at higher risk, with no benefit of retreatment. However, the predictive power of those scores has been questioned and it is doubtful whether they led to accurate decision-making in many studies. Noteworthy, in a large validation study of 627 Japanese patients, ART score was also found to be non-predictive of outcomes after the second TACE[@CIT0042] In another study, ABCR and ART scores were validated and both of them were found to be of no aid in clinical decision-making regarding further TACE sessions. In this context, it has been agreed that this poor performance of ART and ABCR scores is due to the lack of response to TAE as a parameter in both scores.[@CIT0043],[@CIT0048],[@CIT0049]

To guide decision-making regarding retreatment, we should take into consideration that TACE also has an impact on liver functions. It has been found that time to decompensation was shorter in those patients who had retreatment with TACE than those who switched to sorafenib[@CIT0050] Also, it has been reported that overall survival was better in patients who received \<2 unsuccessful TACE procedures than those who had three or more successive TACE procedures before sorafenib administration[@CIT0002] This was also evidenced in another study that showed the association of progressive increase in CP score and retreatment with TACE. With the emergence of regorafenib and the better outcomes achieved, it is a must to reconsider the benefits and risk of retreatment with TACE[@CIT0051]

Treatment modalities beyond conventional TACE for intermediate stage HCC {#S0008}
========================================================================

Drug-eluting bead (DEB)-TACE and transarterial radioembolization (TARE) vs conventional TACE {#S0008-S2001}
--------------------------------------------------------------------------------------------

TACE has been the standard of care for intermediate stage HCC for many years. However, other treatment modalities have been debated for a long time. In [Table 10](#T0010){ref-type="table"}, we summarized different studies which comparted different treatment options in terms of objective response and patient's survival. Noteworthy, DEBs provided a great option to overcome the drawbacks of conventional TACE and increased the intensity and duration of ischemia in the target lesion in addition to improving drug delivery to the tumor without significant systemic action[@CIT0052] Despite the previously mentioned positive effects, in a meta-analysis by Facciorusso et al in 2016 which included eight studies and 1,449 patients with intermediate stage HCC, they reported that DEB-TACE showed no superiority over conventional TACE in terms of survival[@CIT0053] One of the limitations of DEBs is that it needs proper size selection so that small particles can reach the tumor, and it requires a super-selective approach which is not feasible in all centers[@CIT0052] The only positive result that was noted in several randomized controlled trials in favor of DEB-TACE, was the better safety profile with significant decrease in serious liver-related adverse events and systemic side effects, particularly alopecia, in comparison to conventional TACE[@CIT0054] Recently, DEBs are beyond loading with conventional anti-neoplastic drugs. Recent studies reported using tyrosine kinase inhibitors, bevacizumab and new compounds such as SW43-DOX.[@CIT0055],[@CIT0056]Table 10Summary of different studies comparing different treatment options for patients with intermediate stage hepatocellular carcinomaStudyType of treatments in comparisonObjective response rate (OR and 95% CI)Patient's survival (HR and 95% CI)Mabed et al 2009[@CIT0079]Conventional transarterial chemo-embolization (TACE) vs control treatment4.24 (1.41--12.70)0.66 (0.41, 1.05)Llovet et al 2002[@CIT0080]Bland transarterial embolization (TAE) vs control treatment54.49 (3.11, 955.28)0.57 (0.31, 1.04)Meyer et al 2013[@CIT0081]Bland TAE vs conventional TACE0.43 (0.18, 1.07)0.91 (0.51, 1.62)Yu et al 2014[@CIT0082]Bland TAE vs conventional TACE1.89 (0.88, 4.06)0.83 (0.47, 1.46)Kolligs et al 2015[@CIT0083]Transarterial radioembolization (TARE) vs conventional TACE2.89 (0.43, 19.28)2.13 (0.59, 7.73)Salem et al 2016[@CIT0058]TARE vs conventional TACE2.38 (0.49, 11.63)0.99 (0.40, 2.45)Golfieri et al 2014[@CIT0084]Drug-eluting bead (DEB)-TACE vs conventional TACE0.82 (0.45, 1.47)0.99 (0.62, 1.56)Brown et al 2015[@CIT0085]DEB-TACE vs conventional TAE0.92 (0.36, 3.27)0.90 (0.58, 1.41)Kudo et al 2014[@CIT0086]Conventional TACE plus adjuvant systemic therapy vs conventional TACE alone1.29 (0.91, 1.83)0.90 (0.66, 1.23)Wang et al 2015[@CIT0087]Conventional TACE plus adjuvant systemic therapy vs conventional TACE alone3.11 (1.37, 7.07)0.37 (0.20, 0.69)Pinter et al 2015[@CIT0088]Conventional TACE plus adjuvant systemic therapy vs conventional TACE alone0.92 (0.11, 7.67)1.70 (0.80, 3.61)Lencioni et al 2016[@CIT0089]DEB-TACE plus adjuvant systemic therapy vs DEB- TACE alone1.42 (0.88, 2.30)0.90 (0.61, 1.33)Zhang et al 2012[@CIT0078]Conventional TACE plus external radiation therapy vs conventional TACE alone4.97 (2.79, 8.85)0.59 (0.44, 0.80)Liu et al 2009[@CIT0090]Conventional TACE plus local tumor ablative therapy vs conventional TACE alone3.81 (1.21, 11.96)0.52 (0.25, 1.090Zhao et al 2011[@CIT0091]Conventional TACE plus local tumor ablative therapy vs conventional TACE alone5.64 (1.32, 24.17)0.53 (0.32, 0.87)Huang et al 2017[@CIT0092]Conventional TACE plus local tumor ablative therapy vs conventional TACE alone19.60 (6.29, 61.09)0.53 (0.46, 0.64)

In the meantime, conventional TACE is the standard treatment option for patients with intermediate stage HCC.[@CIT0001] TARE is not included in the BCLC staging system guidelines. On the contrary, TARE is frequently used in western countries and has increasing indications. The ongoing randomized controlled trials are supposed to "build a basis" of the role of TARE in the management of HCC. Unfortunately, the overall survival is comparable between conventional TACE and TARE[@CIT0057] However, TARE showed longer time-to-progression, better quality of life, and less hospitalization time in comparison to conventional TACE[@CIT0058] One of the common complications of TARE is radiation-induced ulcer which is refractory to treatment and radiation-induced cholecystitis and pneumonitis[@CIT0059]

Upward and downward stage migration and multimodal treatment strategies {#S0008-S2002}
-----------------------------------------------------------------------

### Surgical treatment for intermediate stage HCC {#S0008-S2002-S3001}

Indeed, hepatic resection for single tumors \>5 cm has been in discussion for many years since the BCLC guidelines. This was supported with data reported from 173 patients with BCLC B stage with resectable HCC outside Milan criteria[@CIT0060] They reported 51.5% 3-year survival rate vs 18.1% after TACE. Hsu et al reported the better 5-year survival rate in intermediate stage HCC patients undergoing resection vs TACE (43% vs 15%, *P*\<0.001)[@CIT0061] In line with these findings, Liang et al, in 2017, conducted a meta-analysis that included 2,619 Asian patients with intermediate stage HCC from nine studies where they compared TACE to surgical resection. Noteworthy, they concluded that surgical resection showed better overall survival than TACE in Asian patients with intermediate stage HCC. However, no significant difference was noticed in the pooled OR in post-operative complications and 30-day mortality between both groups. Also, they recommended validation of these findings in Western patients.

A lot of strategies have been developed for liver transplantation beyond Milan criteria. This includes several downstaging strategies. These strategies aim to super select patients who could have favorable intermediate stage lesions and are more likely to have better outcome after liver transplantation. Surprisingly, patients with HCC within the University of California San Francisco (UCSF) downstaging criteria have achieved 92.1% 4-year survival post-transplantation[@CIT0062] Of note, Kamo et al conducted a study on 56 patients with intermediate stage HCC who underwent liver transplantation. They reported 1-, 3-, and 5-year overall survival and recurrence rates of liver transplantation for intermediate stage HCC of 88%/64%/58% and 22%/34%/44%, respectively[@CIT0063]

### Locoregional ablative therapies in intermediate stage HCC {#S0008-S2002-S3002}

Likewise, percutaneous treatments are recommended for patients in early stages. However, clinical practice studies have proposed treatment migration from TACE to ablative percutaneous therapies. D'Avola et al, in a cohort that included 101 treatment-naïve BCLC B patients, 55 received TACE and 35 received curative therapies including radiofrequency ablation (RFA). They reported significantly better survival in patients who received curative therapies including RFA (71 vs 24 months, *p*\<0.001)[@CIT0064] In a very recent meta-analysis by Yang et al, which included eleven studies, they compared the impact of combined TACE and RFA to TACE only regimen in patients with intermediate stage HCC with diameter \>5 cm. They reported that the combined therapy group (TACE plus RFA) showed higher 2-year survival rate than TACE only group (RR =1.675, 95%CI: 1.233--2.275, *P*=0.001). Also, they concluded that combined therapy is beneficial for patients with intermediate stage HCC and tumor size \>5 cm diameter. Also, Morimoto et al investigated 37 patients with intermediate HCC and concluded that combined RFA and TACE decreased local tumor progression[@CIT0065] Of note, Veltri et al followed-up survival in 51 patients who had RFA after TACE, they showed a survival rate of 89.7% at 1-year follow-up[@CIT0066]

It is still problematic to declare curative therapies as an option for intermediate stage HCC, and we are still in need of a fixed algorithm to help proper allocation of therapies such as surgical and percutaneous therapeutic options for this class of patients. The main task right now, for research studies, is to propose strategies that would enable proper patient selection for these radical treatments[@CIT0002]

### Systemic therapy in intermediate stage HCC {#S0008-S2002-S3003}

Noteworthy, multimodal treatments as combining curative measures as resection or RFA with TACE. In addition to adding systemic therapies which seems quite reasonable as TACE causes local hypoxia that upregulates HIF and VEGF. Thus, it is reasonable to add multikinase inhibitors such as sorafenib, that downregulates VEGF, to the regimen.[@CIT0021],[@CIT0067],[@CIT0068] Li et al, in 2018, reported in their meta-analysis that combination therapy was better than TACE alone in terms of time to progression, but not in terms of overall survival as there was no significant difference[@CIT0069] Also, another randomized controlled trial reported that concurrent sorafenib and TACE did not improve progression-free survival in patients with unresectable HCC in 20 different hospitals in the UK[@CIT0070] In contrast, a meta-analysis by Li et al, which included 27 studies, concluded that Asian patients with unresectable HCC may benefit from combined TACE and sorafenib therapy in terms of disease control rate and time to progression[@CIT0069] Also, Pawlik et al reported that the safety of combined DEB-TACE and sorafenib was similar to the safety of sorafenib alone, as most side effects were related to sorafenib dosing[@CIT0071] We believe that this multimodal strategy still needs more fine-tuning and validation for better treatment outcomes.

### Other combined treatment options {#S0008-S2002-S3004}

Yoon et al investigated the efficacy and safety of TACE plus external beam radiotherapy (RT) vs sorafenib in 90 patients with liver-confined HCC lesions and macroscopic vascular invasion. They showed that the combined TAC and RT group had a significantly higher radiologic response rate than the sorafenib group at 24 weeks (15 \[33.3%\] vs 1 \[2.2%\]; *P*\<0.001). Also, they had a significantly longer median time to progression (31.0 vs 11.7 weeks; *P*\<0.001), and significantly longer overall survival (55.0 vs 43.0 weeks; *P*=0.04). Noteworthy, curative surgical resection was performed in five patients (11.1%) in the TACE-RT group due to tumor downstaging. Notably, no patients in the TACE-RT group stopped treatment due to liver decompensation.

High intensity focused ultrasound (HIFU) was investigated in combination with TACE vs TACE alone in intermediate stage HCC patients. The combined TACE and HIFU group showed better overall survival and tumor-free survival[@CIT0072]

Locoregional treatments such as TACE, TARE, and ablative therapies increase tumor immunogenicity by releasing huge amounts of tumor-associated antigens and induction of inflammation. Indeed, combined immunotherapy (immune check-point inhibitors) and TACE would be a promising combination.[@CIT0073],[@CIT0074] In a recent human study, anti-CTLA-4 antibody tremelimumab in combination with TACE (BCLC B) or thermal ablation (BCLC C) showed better overall survival and promising time-to-progression of the disease[@CIT0075]

Conclusion {#S0009}
==========

To sum-up, intermediate stage HCC still needs precise tailoring of staging systems that would help proper treatment allocation. Studies investigating combined therapies in various sub-groups of this stage are highly recommended. We should consider differences in cohorts and liver disease etiology in different guidelines. Further, an optimum TACE-specific score should include parameters as in mHAP III score in addition to vascular invasion, age, gender, and etiology. Finally, first TACE response according to mRECIST criteria would be a significant addition to a score that would guide either the process of retreatment with TACE or early shift to targeted therapies. The availability of different treatment options requires prospective comparative randomized controlled studies to tailor better treatment algorithms that encompass the new strategies and fit the patient's stage.
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[^1]: **Abbreviations:** HCC, hepatocellular carcinoma; HCV, hepatitis C virus.

[^2]: **Notes:** \* Tumor extension category B: positive if one of the following criteria is met: large (one nodule \>5 cm) or multilocular (exceeding the limits of three nodules ≤3 cm) or vascular involvement or M1. Otherwise category A. Stages: Stage I (low mortality risk): 0--9 points. Stage II (intermediate mortality risk): 10--13 points. Stage III (high mortality risk): 14--26 points.
